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(57) ABSTRACT

A method of pretreating a natural gas stream for a floating
liquefied natural gas plant is described. A natural gas feed
stream is introduced into an amine absorption unit and a
temperature swing adsorption unit located on a ship. The
temperature swing adsorption unit has a dehydration cycle
and a CO, removal cycle. The amount of motion of the ship,
orthe level of CO, in the natural gas feed stream with reduced
contaminants, or both, is monitored. If the amount of motion
of' the ship or the level of CO, in the natural gas feed stream
with reduced contaminants exceeds a predetermined value,
temperature swing adsorption unit is switched from the dehy-
dration cycle to the CO, removal cycle.
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PROCESS FOR FLOATING LIQUIFIED
NATURAL GAS PRETREATMENT

FIELD OF THE INVENTION

The present invention relates to a combined absorption and
adsorption process to treat natural gas prior to liquefaction in
a floating environment such as a ship. More specifically, it
relates to improvement of the removal of contaminants in an
absorber where the liquid is poorly distributed due to the
natural rolling, listing and movement of a ship at sea.

BACKGROUND OF THE INVENTION

Natural gas is widely used in industrial and residential
applications. Transportation of gas is more difficult than lig-
uid transportation. When natural gas fields are relatively close
to the users, the gas is usually transported by pipeline. In other
cases where gas fields are remotely located and/or the users
are far away from the fields, the natural gas is first liquefied,
and then transported in the form of liquefied natural gas
(LNG).

In a LNG plant, contaminants, such as carbon dioxide and
hydrogen sulfide, have to be reduced to very low levels. For
example, the carbon dioxide content in the feed gas stream
must be less than 50 ppmv before liquefaction to avoid for-
mation of dry ice within the system. Commercially, this can
be achieved by using a solvent absorption process, such as
contacting the natural gas with an amine solvent, such as
monoethanol amine (MEA) or diethanol amine (DEA) for
example, to remove the carbon dioxide. The amine is regen-
erated after use. Other CO, removal processes are known in
the art, such as cryogenic processes, adsorption processes
such as pressure swing adsorption (PSA) and thermal swing
adsorption (TSA), and membrane-based processes.

The contaminant removal is followed by the natural gas
being sent through a molecular sieve dehydration unit to
remove water to below 1 ppmv.

In recent years, there has been increasing interest in devel-
oping floating LNG (FLNG) facilities that can liquefy the
offshore gas for transportation. A floating LNG facility can be
positioned adjacent to an offshore natural gas well to liquefy
the gas as it is being loaded on a tanker, which eliminates the
need for pipelines to take the gas onshore prior to liquefaction
in a conventional facility. The floating LNG facility could be
moved from one port to another to service small LNG fields,
as needed.

However, the processing of natural gas on such a vessel
entails problems not encountered by land-based facilities.
The movement of the ship can result in poor distribution of
liquid in a separation column. The mass transfer efficiency of
the gas-liquid phase inside the column will be significantly
reduced due to the poor distribution. In FLNG pretreatment,
an amine absorber and regenerator are used to remove acid
gas. If the column efficiency is reduced, the treated gas from
the amine absorber may not be able to meet the low acid gas
specification (e.g., less than 50 ppm CO,), which will gener-
ate a plugging problem of the downstream liquefaction sys-
tem.

Therefore, there is a need for a reliable process that can
ensure that the treated gas meets the LNG feed specification.

SUMMARY OF THE INVENTION

One aspect of the invention is a method of pretreating a
natural gas stream for a floating liquefied natural gas plant. In
one embodiment, the method includes introducing a natural
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gas feed stream into an amine absorption unit located on a
ship to reduce a level of sulfur, CO,, or both to form a natural
gas feed stream with reduced contaminants. The natural gas
feed stream with reduced contaminants is introduced into a
temperature swing adsorption unit located on the ship to
reduce a level of H,O, CO,, or both. The temperature swing
adsorption unit has a dehydration cycle and a CO, removal
cycle. The amount of motion of the ship, or the level of CO,
in the natural gas feed stream with reduced contaminants, or
both is monitored. If the amount of motion of the ship or the
level of CO, in the natural gas feed stream with reduced
contaminants is less than or equal to a predetermined value,
the temperature swing adsorption unit is operated in the dehy-
dration cycle. If the amount of motion of the ship or the level
of CO, in the natural gas feed stream with reduced contami-
nants is greater than the predetermined value, the CO2
removal cycle is initiated.

In some embodiments, after at least one CO, removal
cycle, when the amount of motion of the ship or the level of
CO, in the reduced sulfur natural gas stream falls to less than
or equal to the predetermined value, the dehydration cycle is
initiated.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 11is an illustration of a prior art system for pretreating
LNG feed.

FIGS. 2A-C are illustrations of one embodiment of a dehy-
dration cycle using four adsorbers in a thermal swing adsorp-
tion process.

FIGS. 3A-D are illustrations of one embodiment of a CO,
removal cycle using four adsorbers in a thermal swing
adsorption process.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for pretreating
the LNG feed in a FLNG facility. The process utilizes con-
ventional amine technology to remove the acid gas from
natural gas followed by a thermal swing adsorption (TSA)
process for the removal of water when the movement of the
FLNG vessel or the level of CO, is below a predetermined
limit. If the FLNG vessel movement and/or the level of CO,
is above the predetermined limit, the TSA system is used to
remove the acid gas slipped from the amine process. The
invention provides a reliable process for FLNG pretreatment
to deliver a treated natural gas that can meet the LNG feed
specification.

FIG. 1 shows treatment of a natural gas feed 5 in an amine
absorption unit 10. The effluent 15 from the amine adsorption
unit 10 is sent to the TSA unit 20. The effluent 25 from the
TSA unit 20 is sent to the liquefaction unit 30. The amine
adsorption unit 10 removes sulfur, and/or CO, from the natu-
ral gas feed stream. The amine adsorption unit 10 generally
includes an absorber and a regenerator. As would be under-
stood by those of skill in the art, the number of amine absorp-
tion/regeneration columns can vary depending on gas flow
rate and/or CO, content in the feed stream. The TSA unit 20
removes water from the natural gas stream. The number of
TSA columns can vary depending on gas flow rate and/or
TSA cycles used, as is known by those of skill in the art.

The same adsorbent can be used in the TSA unit for both
dehydration and CO, removal, although the adsorption
capacity for CO, is much lower than for water. Therefore, the
cycle time for CO, removal is typically shorter than for dehy-
dration. The feed time or adsorption time per bed for the
dehydration cycle is generally longer than that for CO,
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removal. In addition, due to the higher heat of adsorption of
water compared to CO,, the heat regeneration time for dehy-
dration is also generally longer than for CO, removal. For the
same bed size, the cooling time will typically be close for both
cycles.

Ifthe dehydration TSA and CO, removal TSA are designed
to handle the same amount of feed gas, one additional
adsorber is needed for the CO, removal TSA.

For a FLNG application, this additional adsorber can be
used to reduce the CO, level caused by CO, slip (CO,>50
ppm) from the amine unit due to sea motion.

The dehydration TSA cycle includes a heating step, a cool-
ing step, and an idle step. During the heating step, at least one
first bed is fed with at least a portion of the natural gas feed
stream with reduced contaminants, a second bed is heated,
and a third bed is idle. In the cooling step, the at least one first
bed is fed with at least the portion of the natural gas feed
stream with reduced contaminants, the second bed is cooled,
and the third bed is idle. In the idle step, the at least one first
bed is fed with at least the portion of the natural gas feed
stream with reduced contaminants, and the second and third
beds are idle.

In the CO, removal cycle, the at least one first bed is fed at
least the portion of the natural gas feed stream with reduced
contaminants, the second bed is cooled, and the third bed is
heated.

The dehydration and CO, removal cycles are repeated in
order to regenerate each bed.

The motion of'the ship, or the level of CO, in the natural gas
feed stream with reduced contaminants, or both is monitored.
The motion of the ship is monitored for pitch (front to back)
and/or roll (side to side motion). Suitable monitors for the
motion of the ship include, but are not limited to, accelerom-
eters, and gyroscopes. Suitable monitors for the level of CO,
include, but are not limited to, CO, sensors, and gas chro-
matographs.

If the motion or the level of CO, (or both) is greater than a
predetermined value, the dehydration cycle is ended, and the
CO, removal cycle is initiated. When the motion or the level
of CO, falls to less than or equal to the predetermined value,
the system switches back to the dehydration cycle.

When the motion or level of CO, is greater than the prede-
termined value, the system determines what step the TSA unit
is in: heating, cooling, or idle. If the TSA unit is in the heating
step, a transition step is initiated in which the second bed
continues heating until the heating step is completed. During
the transition step, the at least one first bed and the third bed
are fed equally with the natural gas feed stream with reduced
contaminants. When the heating step is completed, the CO,
removal cycle is initiated.

If the TSA unit is in the cooling or idle step, the CO,
removal cycle is initiated.

The predetermined value for the CO, level will typically be
about 50 ppm to prevent formation of dry ice during the
liquefaction process, although it could be higher or lower
depending on the system and conditions required for the
liquefaction process.

The predetermined value for the motion of the ship is a
level of motion that causes poor distribution of the liquid in
the amine column and/or the regeneration column. It will
typically be 1 degree for a permanent tilt (list and/or trim), and
2.5 to 4 degrees for angular motion (pitch and/or roll).

Suitable adsorbents for the TSA unit include, but are not
limited to, molecular sieves, alumina, silica gel, mixed oxide
adsorbents, or combinations thereof. In some embodiments,

40

45

4

the adsorbent is a molecular sieve. Suitable molecular sieves
include, but are not limited to, zeolite X, zeolite A, zeolite Y,
or combinations thereof.

Ifthere are three beds in the TS A unit, there is one first bed,
and the entire natural gas stream with reduced contaminants is
fed to it. If there are four (or more) beds, there are two (or
more) first beds, and the natural gas stream with reduced
contaminants is fed to the two (or more) beds equally.

FIGS. 2A-C illustrate the operation of one embodiment of
the dehydration cycle of the TSA unit with four adsorbers A,
B, C, D. In this example, bed C is being regenerated, and bed
A is the next bed to be regenerated.

When the amine unit generates a product stream meeting
the CO, specification, adsorber D is idled throughout the
dehydration cycle.

The heating step having a time of T1 is shown in FIG. 2A.
Feed 100 is introduced into adsorbers A and B where water is
removed. Product 105 exits adsorbers A and B. A portion 110
of product 105 from adsorber B is sent to heater 115 before
being introduced into adsorber C to regenerate the bed. The
effluent 120 from adsorber C is sent to an aftercooler (not
shown).

The cooling step having a time of T2 is shown in FIG. 2B.
Feed 100 s still being introduced into adsorbers A and B with
product 105 exiting adsorbers A and B. A portion 110 of the
product 105 from adsorber B is introduced into adsorber C to
cool the bed.

The idle step having a time of T3 is shown in FIG. 2C. Feed
100 is still being introduced into adsorbers A and B with
product 105 exiting adsorbers A and B. Adsorber C is idle as
no product is being sent to it.

The cycle sequence for the dehydration cycle when the
amine unit generates a product stream meeting the CO, speci-
fication is shown Table 1.

TABLE 1
Time
T1 T2 T3 T1 T2 T3
A Feed Feed Feed Heat Cool Idle
B Feed Feed Feed Feed Feed Feed
C Heat Cool Idle Feed Feed Feed
D Idle Idle Idle Idle Idle Idle

However, if there is severe sea motion or a level of CO,
higher than 50 ppm has been detected from the amine unit, the
cycle sequence will be switched from the dehydration cycle to
the CO, removal cycle. A four bed CO, removal cycle
sequence is illustrated in FIGS. 3A-D. Each of the steps of the
CO, removal cycle includes one bed being fed, one bed being
heated, and one bed being cooled. The steps of the CO,
removal cycle are the same length.

FIG. 3A shows the regeneration of adsorber C. Feed 200 is
introduced into adsorbers A and D where the CO, is removed.
Product 205 exits adsorbers A and D. A portion 210 of product
205 from adsorber A is sent to adsorber B for cooling. The
effluent 215 from adsorber B is heated in heater 220 and sent
to adsorber C to regenerate the bed. The effluent 225 from bed
C is sent to an aftercooler (not shown).

FIG. 3B shows the regeneration of adsorber A. Feed 200 is
introduced into adsorbers B and D where the CO, is removed.
Product 205 exits adsorbers B and D. A portion 210 of product
205 from adsorber B is sent to adsorber C for cooling. The
effluent 215 from adsorber C is heated in heater 220 and sent
to adsorber A to regenerate the bed. The effluent 225 from bed
A is sent to an aftercooler (not shown).
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FIG. 3C shows the regeneration of adsorber D. Feed 200 is
introduced into adsorbers B and C where the CO, is removed.
Product 205 exits adsorbers B and C. A portion 210 of product
205 from adsorber C is sent to adsorber A for cooling. The
effluent 215 from adsorber A is heated in heater 220 and sent
to adsorber D to regenerate the bed. The effluent 225 from bed
D is sent to an aftercooler (not shown).

FIG. 3D shows the regeneration of adsorber B. Feed 200 is
introduced into adsorbers A and C where the CO, is removed.
Product 205 exits adsorbers A and C. A portion 210 of product
205 from adsorber C is sent to adsorber D for cooling. The
effluent 215 from adsorber D is heated in heater 220 and sent
to adsorber B to regenerate the bed. The effluent 225 from bed
B is sent to an aftercooler (not shown).

The cycle sequence for a typical four bed CO, removal

TSA operation is shown in Table 2.
TABLE 2
Time
T4 T4 T4 T4
A Feed Heat Cool Feed
B Cool Feed Feed Heat
C Heat Cool Feed Feed
D Feed Feed Heat Cool

The transition from the dehydration cycle to the CO,
removal cycle depends on when the off-specification amine
product is detected or when the sea motion above the
designed condition is measured. Let Tx designate this time
instant. There are 4 scenarios depending on Tx:

0<Tx<T4 1

T4 is the step time for the CO, removal TSA cycle as shown
previously. Both Bed A and B undergo the feed step and Bed
C is being regenerated. Bed A is the next adsorber to be
regenerated after the end of this cycle. When the off-spec
amine product is detected at Tx, no action is taken until T4
(i.e., after T4-Tx has elapsed). Attime T4, the feed gas is sent
to adsorbers A, B and D with each receiving 5 of the total
feed flow, or %4 of the original feed flow per bed. This con-
tinues until bed C finishes the heat regeneration step. Then,
the CO, removal cycle is initiated with bed C starts the cool-
ing step, while bed A begins the heat regeneration step, and
beds B and D continue receiving the feed. The subsequent
steps will follow the CO, removal TSA cycle shown above.
The regeneration off-gas is recycled back to the inlet of the
amine unit after it is cooled down and the water is condensed.

Table 3 shows the cycle sequence for this situation.

TABLE 3

Time
/TX T4 '}"1
TO T4-Tx T1-T4 T4 T4 T4
A Feed Feed 2/3 Feed Heat Cool Feed
B Feed Feed 2/3 Feed Feed Heat Cool
C Heat Heat Heat Cool Feed Feed
D Idle Idle 2/3 Feed Feed Feed Heat
TA<Tx<T1 2)

If Tx occurs later than the above case, but before bed C
finishes the heating step, the feed gas is immediately sent to
beds A, B and D with each receiving ¥4 of the total feed flow,
or %4 of the original feed flow per bed. This continues until bed
C finishes heat regeneration step at T1. Then, the CO,
removal cycle is initiated with bed C starts the cooling step,
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while bed A begins the heat regeneration step, and beds B and
D continue receiving the feed. Subsequently, the CO,
removal TSA sequence be followed.

This is shown in Table 4.

TABLE 4
Time
Tx T1
TO T1-Tx T4 T4 T4 T4
A Feed 2/3 Feed Heat Cool Feed Feed
B Feed 2/3 Feed Feed Heat Cool Feed
C Heat Heat Cool Feed Feed Heat
D Idle 2/3 Feed Feed Feed Heat Cool
T1<Tx<T2 3)

If Tx occurs after bed C has completed the heat regenera-
tion step and is being cooled, the cycle switches to the CO,
removal cycle with bed A being regenerated, bed C continu-
ing the cooling step, and beds B and D receiving the feed, as
shown in Table 5. The CO, removal cycle will then be fol-
lowed.

TABLE 5
Time
T1 Tx Tx +T4
Time TO T1 Tx-T1 T4 T4 T4
A Feed Feed Feed Heat Cool Feed
B Feed Feed Feed Feed Heat Cool
C Heat Heat Cool Cool Feed Feed
D Idle Idle Idle Feed Feed Heat
2<Ix<T3 4)

If Tx occurs after bed C has completed the cool regenera-
tion step and is being idled, the cycle switches to the CO,
removal cycle with bed C receiving the feed gas along with
bed B, bed A beginning the heat regeneration step, and bed D
continuing to be idled. The CO, removal cycle will then be
followed.

Time
Tx Tx + T4
Time TO T1 T2 Tx -T2 T4 T4
A Feed Feed Feed Feed Heat Cool
B Feed Feed Feed Feed Feed Heat
C Heat Heat Cool Idle Feed Feed
D Idle Idle Idle Idle Idle Feed
Example

A 4-bed TSA dehydration unit placed after an amine unit in
a FLNG is designed to process 1.19e5 Nm?*/hr feed gas at
5980 KPa. Only 3 adsorbers are running with the 4th bed idled
if the feed gas contains less than 50 ppm CO,. The regenera-
tion flow is 11200 Nm?*/hr. The cycle time split is as follows:

T1=2.26 hrs, T2=1.1 hrs and T3=4.64 hrs (T1+T2+T3=8
hrs)

The same 4-bed system can be operated to remove feed gas
with a CO, concentration at 110 ppm down to 50 ppm. The
required regeneration flow is 12300 Nmv/hr. The unit can
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process 1.25x10° Nm?/hr feed gas at the same 5980 KPa. The
slightly higher feed flow compared to the dehydration case is
due to more regeneration flow, which is recycled back to the
amine feed. The cycle time for this CO, removal cycle is
T4=1.3 hrs.
While at least one exemplary embodiment has been pre-
sented in the foregoing detailed description of the invention,
it should be appreciated that a vast number of variations exist.
It should also be appreciated that the exemplary embodiment
or exemplary embodiments are only examples, and are not
intended to limit the scope, applicability, or configuration of
the invention in any way. Rather, the foregoing detailed
description will provide those skilled in the art with a conve-
nient road map for implementing an exemplary embodiment
of the invention. It being understood that various changes
may be made in the function and arrangement of elements
described in an exemplary embodiment without departing
from the scope of the invention as set forth in the appended
claims.
What is claimed is:
1. A method of pretreating a natural gas stream for a float-
ing liquefied natural gas plant comprising:
introducing a natural gas feed stream into an amine absorp-
tion unit to reduce a level of sulfur, CO,, or both to form
anatural gas feed stream with reduced contaminants, the
amine absorption unit being located on a ship;

introducing the natural gas feed stream with reduced con-
taminants into a temperature swing adsorption unit to
reduce a level of H,0, CO,, or both; the temperature
swing adsorption unit being located on the ship; the
temperature swing adsorption unit having a dehydration
cycle and a CO, removal cycle;

monitoring an amount of motion of the ship, or a level of

CO, in the natural gas feed stream with reduced con-
taminants, or both;

ifthe amount of motion of the ship or the level of CO, in the

natural gas feed stream with reduced contaminants is
less than or equal to a predetermined value, operating the
temperature swing adsorption unit in the dehydration
cycle; and

ifthe amount of motion of the ship or the level of CO, in the

natural gas feed stream with reduced contaminants is
greater than the predetermined value, initiating the CO,
removal cycle.

2. The method of claim 1, further comprising:

after at least one CO, removal cycle, when the amount of

motion of the ship or the level of CO, in a reduced sulfur
natural gas stream falls to less than or equal to the pre-
determined value, initiating the dehydration cycle.

3. The method of claim 1 wherein the dehydration cycle
comprises a heating step in which at least one first bed is fed
with at least a portion of the natural gas feed stream with
reduced contaminants, a second bed is heated, and a third bed
is idle; a cooling step in which the at least one first bed is fed
with at least the portion of the natural gas feed stream with
reduced contaminants, the second bed is cooled, and the third
bed is idle; and an idle step in which the at least one first bed
is fed with at least the portion of the natural gas feed stream
with reduced contaminants, and the second and third beds are
idle.

4. The method of claim 1 wherein the CO, removal cycle
comprises a first step in which an at least one first bed is fed
at least a portion of the natural gas feed stream with reduced
contaminants, a second bed is cooled, and a third bed is
heated; a second step in which the at least one first bed is
heated, the second bed is fed at least the portion of the natural
gas feed stream with reduced contaminants, and the third bed
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is cooled; and a third step in which the at least one first bed is
cooled, the second bed is heated, and the third bed is fed at
least the portion of the natural gas feed stream with reduced
contaminants.

5. The method of claim 1 wherein the amount of motion of
the ship is monitored.

6. The method of claim 1 wherein the level of CO, in the
natural gas feed stream with reduced contaminants is moni-
tored.

7. The method of claim 6 wherein the predetermined level
of CO, is 50 ppm.

8. The method of claim 1 wherein an adsorbent in the
temperature swing adsorption unit is a molecular sieve, alu-
mina, silica gel, a mixed oxide adsorbent, or combinations
thereof.

9. The method of claim 8 wherein the adsorbent is the
molecular sieve.

10. The method of claim 9 wherein the molecular sieve
comprises zeolite X, zeolite A, zeolite Y, or combinations
thereof.

11. The method of claim 1 further comprising introducing
a pretreated natural gas feed to a liquefaction unit.

12. The method of claim 3 wherein initiating the CO,
removal cycle comprises;

determining whether the temperature swing adsorption

unit is in the heating step, the cooling step, or the idle
step;

if the temperature swing adsorption unit is in the heating

step, initiating a transition step in which the second bed
continues heating until the heating step is completed and
the at least one first bed and the third bed are fed equally
with the natural gas feed stream with reduced contami-
nants; and initiating the CO, removal cycle; and

if the temperature swing adsorption unit is in the cooling

step or the idle step, initiating the CO, removal cycle.

13. The method of claim 12 further comprising waiting for
alength of time at least equal to a length of time of one step of
the CO, removal cycle after the heating step is completed
before feeding equally the at least one first bed and the third
bed.

14. The method of claim 1 wherein the temperature swing
adsorption unit includes three beds.

15. The method claim 1 wherein the temperature swing
adsorption unit includes four beds.

16. A method of pretreating a natural gas stream for a
floating liquefied natural gas plant comprising:

introducing a natural gas feed stream into an amine absorp-

tion unit to reduce a level of sulfur, CO,, or both to form
anatural gas feed stream with reduced contaminants, the
amine absorption unit being located on a ship;
introducing the natural gas feed stream with reduced con-
taminants into a temperature swing adsorption unit to
reduce a level of H,O, CO,, or both; the temperature
swing adsorption unit being located on the ship; the
temperature swing adsorption unit having a dehydration
cycle and a CO, removal cycle; the dehydration cycle
having a heating step in which at least one first bed is fed
with at least a portion of the natural gas feed stream with
reduced contaminants, a second bed is heated, and a
third bed is idle; a cooling step in which the at least one
first bed is fed with at least the portion of the natural gas
feed stream with reduced contaminants, the second bed
is cooled, and the third bed is idle; and an idle step in
which the at least one first bed is fed with at least the
portion of the natural gas feed stream with reduced con-
taminants, and the second and third beds are idle; the
CO, removal cycle having a first step in which the at
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least one first bed is fed at least the portion of the natural
gas feed stream with reduced contaminants, the second
bed is cooled, and the third bed is heated; a second step
in which the at least one first bed is heated, the second
bed is fed at least the portion of the natural gas feed
stream with reduced contaminants, and the third bed is
cooled; and a third step in which the at least one first bed
is cooled, the second bed is heated, and the third bed is
fed at least the portion of the natural gas feed stream with
reduced contaminants;

monitoring an amount of motion of the ship, or a level of
CO, in the natural gas feed stream with reduced con-
taminants, or both; and

ifthe amount of motion of the ship or the level of CO, in the
natural gas feed stream with reduced contaminants is
less than or equal to a predetermined value, operating the
temperature swing adsorption unit in the dehydration
cycle;

ifthe amount of motion of the ship or the level of CO, in the
natural gas feed stream with reduced contaminants is
greater than the predetermined value, determining
whether the temperature swing adsorption unit is in the
heating step, the cooling step, or the idle step;
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if the temperature swing adsorption unit is in the heating
step, initiating a transition step in which the second bed
continues heating until the heating step is completed and
the at least one first bed and the third bed are fed equally
with the natural gas feed stream with reduced contami-
nants and initiating the CO, removal cycle; and

if the temperature swing adsorption unit is in the cooling

step or the idle step, initiating the CO, removal cycle.

17. The method of claim 16, further comprising:

after at least one CO, removal cycle, when the amount of

motion of the ship or the level of CO, in a reduced sulfur
natural gas stream falls to less than or equal to the pre-
determined value, initiating the dehydration cycle.

18. The method of claim 16 wherein the amount of motion
of' the ship is monitored.

19. The method of claim 16 wherein the level of CO, inthe
natural gas feed stream with reduced contaminants is moni-
tored, and wherein the predetermined level of CO, is 50 ppm.

20. The method of claim 16 further comprising introducing
a pretreated natural gas feed to a liquefaction unit.

#* #* #* #* #*



